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(54) Process for the purification of 1,1,1,2-tetrafluorethane. 

@ Method for separating HFA 134a from a mixture thereof with chlorine-containing halogenated 
hydrocarbons such as HCFC's 1 122, 124, 114, 1 14a and 133a which comprises adding an extraction 
agent to the mixture and extractively distilling the mixture in an extractive distillation zone from which 
HFA 134a containing less than 10 ppm of chlorinated contaminants is recovered. Suitable extraction 
agents include trichloroethyfene, perchloroethylene, alpha-pinene and cyclohexane. 
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tion from the fractionation column comprising trichloroethylene and HCFC 1122 and/or other chlorinated 
species can be recycled to the fluorination reactor. 

Use of perchloroethylene or carbon tetrachloride as extraction agent also provides a bottoms fraction which 
can be used directly as or as part of the feedstock for production of halogenated hydrocarbons. When a-pinene 
5 or another hydrocarbon is used as the extraction agent, it can be separated from the HCFC 1 1 22 or other chlori- 
nated species by a conventional fractional distillation for return to the extractive distillation column. 

The invention will now be illustrated by reference to the accompanying drawing, the single figure being a 
simplified flow diagram for the separation of HFA 134a (1,1,1,2-tetrafluoroethane) from a mixture thereof with 
HCFC 1 122 (2-chloro-1,1-difluoroethylene) and/or other chlorinated species. For simplicity the invention is des- 
10 cribed in respect of separating HFA 134a from HCFC 1122 using trichloroethylene as extraction agent. 

Referring to the figure, a distillation column 1 is provided with a feed line 2 to the centre of the column and 
a feed line 3 to the upper part of the column. An overheads flow line 4 leads from the top of the column 1 to a 
condenser 5. A product flow line 6 leads from the condenser 5 with a reflux flow fine 7 leading from the product 
flow line 6 back to the top of the column 1. A bottoms flow line 8 leads from the bottom of the column 1 to a 
15 reboiler 9 with a vapour return line 10 leading from the top of the reboiler back to the bottom of the column. A 
flow line 1 1 leads from the reboiler 9. 

In operation, a mixture containing HFA 134a and 30 ppm HCFC 1122 obtained from a fluorination reactor 
(not shown) is fed via line 2 to the column 1 which is maintained at a pressure of from 1 to 15 bars. 
Trichloroethylene is fed to the column 1 via line 3. As distillation proceeds, an overheads fraction comprising 
20 HFA 134a containing less than 10 ppm of HCFC 1122 Is taken from the top of the column 1 via flow line 4, 
condenser 5 and flow line 6. A bottoms fractions comprising trichloroethylene and HCFC 1122 is taken from 
the bottom of the column 1 via flow line 8, reboiler 9 and flow line 1 1 for recycling to the fluorination reactor. 

The HFA 134a product obtained by the method of the invention may be subjected, as desired, to further 
purification procedures. 

25 The extractive distillation may be used for separating HFA 1 34a from its mixtures with HCFC 1 122 and/or 

haloethanes such as 2-chloro-1,1,1,2-tetrafluoroethane (HCFC 124), 2-chloro-1,1,1-trifluoroethane (HCFC 
133a), 1,1-dichloro-1,2,2,2-tetrafluoroethane (CFC 114a) and/or 1,2-dichloro-1,1,2,2-tetrafluoroethane (CFC 
1 14). The extractive distillation does not separate HFA 134a from HFA 134 Alpha- prnene is useful for separating 
HFA 134a from mixtures containing from 100 ppm to 5% of HCFC 124. 

30 The invention is further illustrated by the following Examples. 

Example 1 

A three neck round bottom flask was fitted with a gas sampling septum, stopper and tap (total vol 600 mi). 
35 The flask was evacuated then HCFC 1 1 22 vapour (5 ml) and HFA 1 34a vapour (5 ml) were added through the 
septum. The flask was brought to atmospheric pressure by allowing air in through the tap. A vapour sample 
(20 ml) was withdrawn and analysed by gas chromatography to produce a reading of initial vapour composition. 
Air was then added to the flask (20 ml) followed by a sample of the relevant extraction agent or solvent (4 ml). 
The solvent was stirred for 45 minutes at 20°C after which the head space was sampled (20 ml) and analysed 
40 by gas chromatography giving the final vapour composition. The corrected initial partial pressure (P*), the final 
partial pressure (P* F ) and the mass of gas dissolved in 4 ml of solvent were calculated. 
Results for a-pinene as solvent were as follows 

45 Pi* Pf* Mass K a 

Atm x 10* 3 Atm x 10* 3 Dissolved 

mg/4 ml 

HCFC 1122 8.32 7.25 2.6 6.8 

50 

HFA 134a 8.34 8.19 0.4 56.3 8.3 

Results for trichloroethylene as solvent were as follows: 

55 
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Pj* P F * Mass K a 

Atm x 10" 3 Atm x 10' 3 Dissolved 

mg/4 ml 

HCFC 1122 7.95 7.04 2.3 13.2 

HFA 134a 7.71 7.48 0.6 54.5 4.1 



0 K in the tables may be defined as mole fraction of 

material in vapour /mole fraction in liquid, 
a in the tables = K 134a /K 1122 

15 Example 2 

Three glass sample vials (volume 90 ml) were prepared and fitted with septa for gas addition and sampling. 
Each vial was evacuated, then filled to 1 atmosphere pressure with a previously prepared 1:1:1:1:1 gas mixture 
by volume of 134a, 134, 1122, 124 and 114x (an unresolved mixture of 114a and 1 14). A vapour sample (10 

20 ml) was withdrawn from each sample vial and analysed by gas chromatography (gc) to obtain the initial gc area 
count for each component The chosen extraction agent (10 ml) was then added to the vial and the contents 
were stirred for 1 hour at room temperature. A vapour sample (10 ml) was withdrawn, brought to atmospheric 
pressure by air addition, then analysed by gc to indicate the final gc area count for each component 

Table 1 lists the absolute drop in each component which occurred after exposure to the extraction agent 

25 (taken as an average of three runs). Table 2 shows the drop in components 134, 1 122, 124 and 1 14x relative 
to that for 134a. This data is produced by normalising on the 134a, i.e. the 134a initial level is divided by 134a 
final level to produce a ratio with which all the final component levels are multiplied such that the 134a initial 
level divided by the normalised 134a final level equals 1. 
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Table 1 





Absolute Drop in component 
area count (%) 


gc 


Extraction Agent 


134a 


134 


1122 


124 


114x 


Trichloroethylene 


49.8 


55.9 


83.2 


75.8 


84.2 


Tetrachloroethylene 




14 9 


75.6 ! 


62.6 




Carbon tetrachloride 


36.4 


43.8 


79.5 


70.6 




Hexane 


38.4 


46.1 


77.0 


70.3 


84 . 3 1 
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74 3 


60 . 9 


81.8 


a-Pinene 


46.0 


45.0 


79.0 


70.2 


82.1 














1 , 1 , 1-Trichloroe thane 


63.9 1 


67.1 


85.4 


82.3 


— J 


Pentachloroe thane 


39.5 


45.4 


77.6 


66.3 


75.7 


Chloroform 


55.3 


62.0 


83.3 


77.2 




1, 1, 2-trichloro- 


59.2 


61.5 


80.9 


80.2 




1,2, 2-trif luoroethane 












Toluene 


61.9 


72.1 


84.7 


85.3 




Ethanol 


71.7 


83.4 


81.8 


90. 8 


78.2 


Methanol 


74.3 


86.6 


79.1 


90.1 


70.4 


Water 


7.5 


12.4 


7.1 


5.1 




Triethylamine 


55.5 


70.4 


85.1 


90.2 


85.9 


Pe r f luorohexane 


49.9 


52.4 


63.4 


67.5 


80.1 
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Table 2 
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Solvent 


Relative Drop in component gc 
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67 


50 
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15 


Carbon tetrachloride 
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12 


68 


54 


74 




Hexane 
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63 


52 


75 




Lyc lunexoiic 
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65 


46 
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20 


a-Pinene 
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61 
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44 
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Lnioroioiin 


0 


15 


62 


49 




30 


1,1, 2-trichloro- 














1,2, 2-trif luoroe thane 


0 


5 


53 


52 




35 


Toluene 


0 


25 


57 


58 






Ethanol 


0 


41 


36 


68 


22 




Methanol 


0 


47 


18 


61 


(-16) 




Water 


0 


5 


(-2) 


(-3) 




40 


Triethylamine 


0 


34 


66 


78 


68 




Perf luorohexane 


0 


1 


26 


43 


60 



45 Example 3 

Three glass sample vials (volume 90 ml) were prepared and fitted with septa for gas addition and sampling. 

Each vial was evacuated then filled to 1 atmosphere pressure with a previously prepared gas mixture of 134a 

containing ca 1000 ppm by volume each of 134, 1122, 124 and 114x. A vapour sample (10 ml) was withdrawn 
so from the sample vials and analysed by gc to obtain the initial gc area count for each component. The chosen 

extraction agent (10 ml) was then added to the viaJ and the contents were stirred for 1 hour at room temperature. 

A vapour sample (10 ml) was withdrawn, brought to atmospheric pressure by air addition, then analysed by gc 

to indicate the final gc area count for each component 

Table 3 lists the absolute drop in each component which occurred after exposure to the extraction agent 
55 (taken as an average of three runs). Table 4 shows the drop in components 134, 1 122, 124 and 1 14x relative 

to that for 134a. This data is produced by normalising on the 134a i.e. the 134a initial level is 6mded by 134a. 
finaHevetto produce a ratfo^ levels are multiplied such that the 134a initial 

level divided by the normalised 134a final level equals 1. 
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Table 3 



Absolute Drop in component gc 
area count {%) 
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Table 4 



Solvent 


Relative Drop in component gc 
area count (%) 


134a 


134 


1122 


124 


114x 


Trichloroethylene 


0 


9 


58 


45 


61 


Tetrachloroethylene 


0 


8 


65 


48 


68 


Carbon tetrachloride 


0 


11 


64 


49 


74 


Hexane 


0 


3 


63 


51 




Cyclohexane 


0 


4 


64 


48 


76 


a-Pinene 


0 


7 


60 


49 


66 


COMPARISON 












1,1, 1-Trichloroe thane 


0 


11 


52 


45 




Pentachloroe thane 


0 


10 


61 


42 




Chloroform 


0 


14 


53 


37 




1,1, 2-trichloro- 












1,2, 2-trif luoroe thane 


0 


4 


49 


45 




Paraffin 


0 


0 


45 


25 




Toluene 


0 


28 


58 


59 




water 


0 


6 


1 


( + 1) 





Claims 

1. A method for separating 1,1,1,2-tetrafluoroethane from a mixture containing 1,1,1,2-tetrafluoroethaneand 
chlorine-containing halogenated hydrocarbons which comprises adding an extraction agent to said mixt- 
ure, extractively distilling the mixture in an extractive distillation zone and recovering 1,1,1,2-tetraf- 
luoroethane from the extractive distillation zone, the extraction agent being selected from 
trichloroethylene, perchloroethytene, carbon tetrachloride and aliphatic hydrocarbons containing from 4 
to 10 carbon atoms. 

2. A method as claimed in Claim 1 wherein the extraction agent is trichloroethylene. 

3. A method as claimed in Claim 1 wherein the extraction agent is perchJoroethylene. 

4. A method as claimed in Claim 1 wherein the extraction agent is hexane or cyclohexane. 



5. — A method as claimed in eiaim-l'wherein me extraction agent is alpha-pinene. 
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6. A method as claimed in any one of the preceding claims which comprises feeding the mixture ofl1,1,1,2- 
tetrafluoroethan and chlorine-containing halogenated hydrocarbons to be separated to the centre of a 
fractionating column, feeding the extraction agent to the upper part of the column and removing from the 
column an overheads fraction comprising 1,1,1,2-tetrafluoroethane containing less than 10 ppm by weight 
of chlorine-containing halogenated hydrocarbons and a bottoms fraction comprising the extraction agent 
and chlorine-containing halogenated hydrocarbons separated from the 1,1,1,2-tetrafluoroethane. 

7. A method as claimed in Claim 6 wherein the fractionating column is operated at a pressure of from 1 to 
15 bars. 

8. A method as claimed in any one of the preceding claims wherein the extraction agent is a chlorinated hyd- 
rocarbon and after use the extraction agent containing one or more extracted species is fed as feedstock 
to a fluorination reactor. 

9. A method as claimed in Claim 8 wherein the extraction agent is trichloroethylene and the reaction perfor- 
med in the fluorination reactor is the preparation of HFA 134a and/or an intermediate for use in the pro- 
duction of HFA 134a. 

10. A method as claimed in Claim 8 wherein the extraction agent is perchloroethylene and the reaction per- 
formed rn the fluorination reactor is the preparation of 1,1-dichlorc-2,2,2~trifiuoroethane (HCFC 123), 1- 
chloro-1,2,2,2-tetrafluoroethane(HCFC 124) and/or pentafluoroethane(HFA 125). 
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